Activation of T lymphocytes by pokeweed mitogen (PWM ) is strictly monocyte ( Mo)-dependent and results in T-cell mitogenesis and interleukin-2 ( IL-2) secretion, coupled with an inability to utilize IL-2 due to an impaired expression of functional IL-2 receptor ( IL-2R). Such IL-2R impairment could arise in PWM-activated T cells themselves or, alternatively, be the result of Mo-derived influences, as it is known that PWM binds Mo strongly and does not or poorly binds lymphocytes, and Mo becomes rapidly destroyed in PWM-stimulated cultures of blood mononuclear cells or T cells plus Mo. The present study investigated these possibilities. The results show for the first time that desialylation of T lymphocytes strongly increases their PWM-binding capacity and, in addition, overcomes the Mo requirement for PWM to induce T-cell mitogenesis and IL-2 secretion. Such secreted IL-2 levels were even higher that those found in cultures of Mo-dependent PWM-activated T lymphocytes but, similarly to the latter, PWM-activated desialylated purified T lymphocytes exhibited negligible high-affinity IL-2 binding capacity and an inability to utilize the IL-2 they produced. These effects were not due to desialylation itself, as indicated by data obtained with peanut agglutinin, a lectin that becomes strongly reactive with desialylated T lymphocytes. The data clearly indicate the existence of PWM-related events capable of impairing the expression of functional IL-2R without affecting IL-2 secretion, and indicate that such events are due to mechanisms arising at the level of PWM-activated T cells themselves.
INTRODUCTION
that such activation should be considered separately from the current model of T-cell activation based on the use of PHA, The lectins phytohaemagglutinin ( PHA) and concanavalin A Con A and CD3 mAb1,2 because: (1) the Mo dependency of (Con A) and CD3 monoclonal antibody (mAb) are utilized PWM-induced T-cell mitogenesis is not overcome by the extensively as in vitro inducers of monocyte ( Mo)-dependent presence of exogenous cytokines (IL-2, IL-1, IL-1+IL-2 or interleukin-2 ( IL-2)-mediated T-cell proliferation.1-3 In con-IL-4), even using immobilized PWM,12 while this is the case trast, pokeweed mitogen (PWM ) is widely used for in vitro for Con A, PHA and CD3 mAb;1,2 ( 2) T cells activated with induction of Mo-and T-cell dependent polyclonal differen-PWM in the presence of Mo secrete high levels of IL-2 but tiation of B cells. In such PWM-driven B-cell differentiation, undergo IL-2-independent DNA synthesis11,12 as they are both cognate CD4+ T-cell-B-cell interactions and PWMunable to utilize the IL-2 they produce due to a negligible induced IL-2 and IL-6 play a critical role.4-8 Although it is expression of high-affinity (HA) IL-2R.12 As we have already also well known that PWM induces Mo-dependent T-cell discussed,12 this pattern of high IL-2 production coupled with mitogenesis,9-12 the analysis of PWM-induced T-cell activation IL-2 non-utilization by Mo-dependent PWM-activated T cells has received little attention. Nevertheless, there is evidence11,12 is likely to account for the capacity of PWM to promote T-cell-dependent B-cell differentiation, a property that is not (PBMC ) or CD4+ T cells plus Mo, Mo are rapidly destroyed,10,13 a phenomenon that appears to be caused by (Pharmacia),16 and cells banding below 55% of Percoll collected. These cells did not proliferate to PHA, 0·3% v/v activated CD4+ T cells.13 This destruction of Mo by activated T cells may provide negative influences ( prostaglandins, ( Welcome), and contained ≤1% of non-specific esterasestaining cells, CD14+, large granular lymphocytes (LGL) and oxygen or nitrogen intermediates, lysosomal enzymes) that, in turn, could act on activated T cells by impairing their CD19+ cells and ≥97% were CD3+. PBMC banding at 40-45% and 45-50% of Percoll gradients were used as a source expression of functional IL-2R, a plausible possibility as prostaglandins inhibit IL-2Ra chain expression postof Mo and LGL, respectively. These cell preparations were mostly (≥90%) CD14+, positive for non-specific esterase transcriptionally.14 The aim of the present study was to gain insight about these possibilities. We first analysed the binding reaction (40-45% Percoll ), CD56+ and exhibited LGL morphology (Percoll 45-50%). Irradiated (2000 rads) nylonof PWM to T lymphocytes, as this information is lacking and is important for that purpose. It should be noted that while adherent cells were obtained as reported elsewhere.12 B-celldepleted mononuclear cells ( BDMC) were obtained by comthe analysis of T-cell molecules interacting with PHA and Con A has been the subject of a number of studies,15 the analysis plement-mediated lysis with mAb CD20 (B-C1) and CD24 (B-C2);12 such cells contained ≤1% CD19+ cells. Purified of T-cell molecules reacting with PWM not only is lacking, but it has been reported that PWM mainly binds Mo, while tonsil B cells subfractionated with Percoll gradients, and purified CD5+ B cells from patients with B-cell chronic it does not or poorly binds T lymphocytes,9,10 and it has been suggested that a PWM-Mo interaction could be strictly lymphocytic leukaemia (B-CLL) were also obtained, Immunofluorescence cell surface staining Direct or indirect immunofluorescence with mAb was done as following mAb, either produced in our laboratory12,16,17 or donated by other investigators, were used for cell complementdescribed previously.12,17 Three methods were used to assess PWM binding: (1) biotin-labelled PWM revealed by means of mediated lysis of cells and/or for cell surface staining (either biotin-labelled or uncongugated): CD20 (B-C1), CD24
SA-FITC or SA-PE; (2) unconjugated PWM revealed by anti-PWM rabbit IgG, followed by FITC-conjugated anti-( B-C2), CD14 (Cris-6), CD3 (Cris-7), CD4 ( Edu-2), CD8 ( 109-2D4), EDU-1 mAb, EDU-1 (anti-HLA-class II molrabbit IgG goat antibodies; and (3) unconjugated PWM revealed by biotin-labelled anti-PWM rabbit IgG followed by ecules); the CD122 mAb, TU27,18 (anti-IL-2R b chain) donated by Dr K. Sugamura (Tohoku, Japan); the CD25 SA-FITC or SA-PE. All lectins were used at a final concentration of 10 mg/ml. As negative controls, mouse IgG of mAb, MAR108,19 donated by Dr M. Ló pez-Botet (Madrid, Spain); the CD98 mAb, FG1/8,12,17 donated by Dr F. Sanchezunknown specificity (Becton Dickinson), either unconjugated or FITC-, PE-or biotin-labelled, was used. Incubation of cells Madrid (Madrid, Spain). Commercially available CD5 ( Leu-1), CD3 (Leu-4), CD56 (Leu-19), CD19 (Leu-12) and with anti-PWM rabbit IgG was done in the presence of 10% heat-inactivated horse serum (Gibco BRL Europe, Merelbeke, CD25 (IL-2R) mAb ( Becton Dickinson), either unconjugated or FITC-or PE-conjugated, were also used for cell surface Belgium) to avoid non-specific Fc receptor-dependent binding of rabbit IgG. Flow cytometry evaluation of fluorescent cells staining. Phorbol myristate acetate ( PMA) and recombinant IL-2 were, respectively, from Sigma and Boehringer Manheim was done using a fluorescence-activated cell sorter ( FACS) Star Plus or FACScan (Becton Dickinson); significant positive GmbH (Manheim, Germany).
fluorescence differences between histograms for a given mAb or lectin were assessed on the basis of Kolmogorof-Smirnov Cells PBMC were separated ( Ficoll gradient, density 1077) from statistics (LYSYS II Software; Becton Dickinson). fresh heparinized venous blood of adult healthy volunteers. To obtain purified blood T lymphocytes ( PBT ), PBMC were Cell cultures and proliferative assays For proliferative assays, microcultures ( in triplicate or quadsubjected to complement-mediated lysis12,16,17 using mAb B-C1 (CD20), B-C2 (CD24), CD14 (Cris-6) and EDU-1 (anti-HLA ruplicate) were done in a final volume of 0·2 ml, using 96-well plates as reported elsewhere.12,16,17 The final concentration class II ),12 and then centrifuged over gradients of Percoll of mitogens was: PWM (Sigma) 10 mg/ml; PNA (Sigma) 10-20 mg/ml; Sepharose-bound PWM and Sepharose-bound BSA, 25% v/v; PHA ( Welcome) 0·3% v/v; and PMA (Sigma), 10 ng/ml. DNA synthesis was measured by [3H ]thymidine ( [3H] TdR) uptake during the last 16-18 hr of each culture period; results are expressed as the mean of triplicates or quadruplicates with SD values below 9% of the mean.12,16,17 Viable PBT preactivated for 3 days with lectins in bulk cultures were obtained12 and used for cell surface staining with mAb, HA-IL-2 binding assays and proliferative responsiveness to exogenous IL-2.
IL-2 determination and 125I-IL-2 binding assay IL-2 was measured with both the mouse CTLL-2 cell line12 and with an enzyme-linked immunosorbent assay (ELISA) ( Immunotech, Marseille, France). The 125I-IL-2 binding assay was as reported elsewhere.12
RESULTS

PMA bypasses the Mo-dependency of PWM-induced T-cell mitogenesis
It still remains unknown whether PMA is able to bypass the Mo requirement for PWM to induce mitogenesis in human T immobilized-PWM (Sepharose-bound PWM) or PHA to induce mitogenesis in PBT and thymocytes ( Fig. 1) . As expected,12 IL-2 lacked a co-mitogenic effect for PWMactivated PBT and thymocytes, while it was co-mitogenic for surface radio-iodinated Mo and PBT, which were adjusted to the same cells activated with PHA. Irradiated autologous contain identical acid-precipitable c.p.m. ( Fig. 3a) . The reactivadherent cells were co-mitogenic for both PHA-and PWMity of PWM with the surface of PBT was far weaker than that activated PBT. The synergy between PWM and PMA indicates of Con A (compare the fluorescence histograms of the direct that PWM is capable of interacting with the surface of T cells binding with FITC-Con A and indirect binding methods a in the absence of Mo, delivering an activating signal that is and b for PWM; Fig. 2 ). This was also corroborated by semicomplemented by PMA to result in T-cell mitogenesis.
quantitative precipitation experiments (Fig. 3b ). The reactivity Therefore we then analysed the direct binding of PWM to of Mo with Con A was not much stronger than that of T blood T lympocytes, thymocytes and Mo by flow cytometry. lymphocytes (Fig. 2 ) . The reactivity of FITC-PHA (data not The same was done for other leucocytes involved in PWM shown) with PBT and Mo was essentially similar to that of stimulation of PBMC, such as LGL and B cells, as it is known FITC-Con A, as shown in Fig. 2 . that PWM-stimulated natural killer ( NK) cells can stimulate Compared with PBT, thymocytes showed a higher reactivimmunoglobulin secretion in resting human B cells,21 and that ity with PWM and a lower reactivity with Con A (Fig. 2) . PWM by itself initiates a signalling cascade in purified human
The reactivity of LGL with PWM was as high as that of Mo splenic B cells. 22 ( Fig. 4a) . As expected,23,24 PNA reacted with most thymocytes (Fig. 2 ) and most Mo ( Fig. 4a) , and completely failed to react Reactivity of PWM with the surface of T and B cells, LGL with PBT (Fig. 4a) . As with PWM, the reactivity of LGL with and Mo PNA was as high as that of Mo ( Fig. 4a) . Figure 5 shows that the pattern of reactivity of PWM with The binding of PWM to the surface of PBT was examined by using three methods (a, b, c) of increasing sensitivity ( Fig. 2 ) .
leukaemic CD5+ B cells and tonsil B cells was similar to that of PNA. As expected,23, 24 PNA failed to bind mature resting As expected,9,10 PWM was found to react much more strongly with Mo than with PBT ( Fig. 2) . The number of PBT that B cells, as represented by leukaemic CD5+ B cells, while it reacted with a significant proportion of tonsil B cells banding bound PWM increased with the higher sensitivity of the method used. Using the most sensitive methods (b and c), at 55-60% Percoll. This finding indicated the presence of in vivo-activated B cells23,24 in this tonsil B-cell preparation, virtually all PBT bound PWM ( Fig. 2) . The higher reactivity of PWM with Mo than with PBT was corroborated by semiwhich is in accord with other data from our laboratory. 16 As the pattern of reactivity of PWM with T and B quantitative precipitation experiments of lysates from cell- 
lymphocytes, LGL, thymocytes and Mo is reminiscent of that
Desialylation of T lymphocytes bypasses the Mo requirement of PNA, we examined whether desialylation of T and B for PWM to induce T-cell mitogenesis and IL-2 secretion lymphocytes increased their binding to PWM, as occurs for Given the strong increase of the PWM-binding capacity of their binding to PNA.23, 24 PBT after their desialylation, we investigated whether desialylation of these cells also influenced their responsiveness to PWM stimulation. As shown in Fig. 6a , PWM induced mitogDesialylation of T and B lymphocytes strongly increases their enesis in Nase-treated PBT, and this response was not increased PWM-binding capacity by exogenous IL-2, as occurs with the Mo-dependent T-cell mitogenesis induced by PWM in PBT plus irradiated autologAs shown in Fig. 4b , Nase treatment of PBT strongly increased ous adherent cells ( IAAC) ( Fig. 1 ) or in BDMC (data not their PWM-binding capacity. As expected,23,24 PNA became shown).12 In accord with previous results ( Fig. 1) ,12 PWM strongly reactive with Nase-treated PBT, whereas it completely failed to induce a proliferative response in mock-treated PBT failed to react with mock-treated PBT ( Fig. 4b) . Dasialylaeven in the presence of exogenous IL-2, and the same occurred tion of PBT did not affect their binding to FITC-Con A with PNA, an expected finding given the complete inability of or FITC-PHA (data not shown). As can be seen in Fig. 5 , this lectin to bind these cells. In desialylated PBT, PNA alone desialylation of B lymphocytes also strongly increased their did not induce mitogenesis, but induced strong proliferative binding to PWM and PNA, this effect being more drastic in responsiveness to exogenous IL-2 ( Fig. 6a) . As expected, PHA tonsil B cells ( banding at 55-60% Percoll gradient) than in alone failed to induce mitogenesis in both mock-treated and purified leukaemic CD5+ B cells. The results shown in Figs 4 Nase-treated PBT, but induced a strong proliferative responand 5 are representative experiments of two (Fig. 4a) , three siveness to exogenous IL-2 in both PBT preparations ( Fig. 6a) . ( Fig. 5a), five ( Fig. 5b) and 10 ( Fig. 4b ) independent experiments performed with cells from different donors.
As shown in Fig. 6b , the IL-2 production kinetics induced and the former remained unchanged even after 4 days of culture, while the latter were only detected during the first 24 hr. Remarkably, PWM, but not PHA, also induced IL-2 secretion in desialylated PBT, and the IL-2 levels were far higher ( 5-7 times) than those found in PWM-activated BDMC cultures, and persisted over time as occurred in the latter cultures. PNA failed to induce IL-2 production in both desialylated PBT and BDMC. The IL-2 levels found using the functional assay with CTLL-2 mouse cells ( Fig. 6b) were confirmed by using a commercial ELISA kit (data not shown).
The results shown in Fig. 6a ,b, correspond to representative experiments of three and five, respectively, performed with cells from different donors.
PWM-activated desialylated T lymphocytes are unable to use IL-2 to sustain their mitogenesis and exhibit negligible HA-IL-2-binding capacity
The persistence over time of high IL-2 levels in the supernatants of PWM-activated desialylated PBT suggested a lack of IL-2 utilization, as occurs with Mo-dependent PWM-activated T ( Fig. 7) The results found with PHA-and PWM-( 10-12 U/ml ) in PWM-activated BDMC cultures were far higher than those (1·5-2 U/ml ) found in PHA-activated ones, activated BDMC confirm our previous results.12 As expected, while in desialylated PBT this lectin induced a HA-IL-2 binding capacity similar to the one induced by PHA ( Fig. 7 ) . The HA IL-2 binding inability of PWM-activated desialylthat shown for PHA-activated PBT in Fig. 8 . The reduced IL-2R chain expression on PWM-activated desialylated PBT ated PBT was concomitant with a reduced expression of IL-2R a chain compared with that of PHA-activated PBT (Fig. 8 ), was not due to an insufficient activation, since other activationrelated parameters such as expression of CD98 ( 4F2) antigen a finding also found on Mo-dependent PWM-activated T cells (data not shown).12 This finding was more marked with (data not shown) or increased cell size ( Fig. 8) , were similar for both PHA-activated and PWM-activated desialylated CD25 mAb MAR108, than with CD25 mAb from Becton Dickinson (IL-2R) ( Fig. 8) . MAR108 mAb, is a potent inhibi-PBT. The results shown in Fig. 7 and Fig. 8 are representative experiments of two and three, respectively, performed with tor of IL-2-dependent proliferation.12,19 Note that PHA-activated desialylated PBT did not produce detectable IL-2, while cells from different donors. very high IL-2 levels ( 60-80 U/ml ) were present in cultures of 3-day PWM-activated PBT; therefore, these data clearly indi-DISCUSSION cate that the IL-2 produced by the latter cells fails to up-regulate1-3 their IL-2R a subunit expression, a finding
The aim of this study was to gain insight on whether the impaired functional IL-2R expression on Mo-dependent corroborating the above data on the inability of these cells to bind and utilize IL-2. The IL-2R b expression detected by PWM-activated T cells arises in T cells themselves or is due to Mo-derived negative influences (see the Introduction). As a TU27 mAb18 on PWM-activated desialylated T cells compared with that of PHA-activated T cells was also reduced, a finding first approach, the interaction of PWM with the surface of T lymphocytes was examined and compared with that of classical also occurring in Mo-dependent PWM-activated T cells (data not shown).12 The expression of IL-2R a and b chains induced lectins inducing Mo-dependent IL-2-mediated T-cell proliferation, Con A or PHA, as well as with PNA, as this information by PNA on desialylated PBT (data not shown) was similar to cytes replaces Mo for PWM to induce mitogenesis and IL-2 secretion, and such secreted IL-2 levels are even higher (5-7 times) than those found in Mo-dependent PWM-activated T lymphocytes. However, similarly to the latter, PWM-activated desialylated purified T lymphocytes exhibited negligible HA-IL-2 binding capacity and an inability to utilize the IL-2 they produce. These data for PWM-activated desialylated PBT clearly indicate that the impaired expression of functional IL-2R in PWM-activated T cells is due to intracellular events arising in PWM-activated T cells themselves. That the results in PWM-stimulated desialylated PBT were not due to desialylation itself is indicated by data obtained in the same cells stimulated with PHA or PNA.
IL-2 has lectin properties with a sugar specificity for N,Ndiacetylchitobiose,25 which has been also implicated for the sugar specificity of PWM (vide infra). However, PWM is unlikely to act by interfering with the binding of IL-2 to IL-2R, since the IL-2 carbohydrate binding site is different from the IL-2R binding site.25 In addition, we have demonstrated that the binding of PWM on the surface of PHA- 
